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REGULATOR CONTROL CIRCUIT AND METHOD 

Cross-Reference to Related Applications 
[0001] This application claims the benefit of U.S. Provisional Application No. 
60/422,717, filed October 31, 2002, the disclosure of which is hereby 
incorporated by reference herein in its entirety. 

Field of the Invention 
[0002]The present invention relates to the field of electrical regulators and, in 
particular to solid state switching thereof. 

Background of the Invention 
[0003] Outboard motors and recreational vehicles such as snowmobiles often 
have electrical systems including a permanent magnet alternator, a battery, 
various connected loads, and a solid state combination regulator rectifier to 
change the alternating current output of the alternator to a controlled DC 
current for maintaining the required charge on the battery. As these vehicles 
have become more sophisticated, the required electrical loads have in general 
increased and there has been a corresponding requirement to increase the 
current carrying capability of the regulators and increase the amount of current 
obtainable from a given size or weight alternator. Except in some very low 
power applications, the regulators are in general full wave rectification from 
either single phase or three phase permanent magnet alternators. 
Improvements in the alternator output have come recently from such 
technology as rare earth magnets. This has resulted in many alternator 
windings running near the upper limit of a temperature capability of the 
insulation systems of the magnet wire. Regulators commonly used in this type 
of system include solid state switches, such as silicon control rectifiers and 
diodes, used to control the current flow from the alternator to the battery and 
load. These components and the alternator winding must of course be sized 



so that when the alternator is producing full output, with the switching devices 
such as silicon control rectifiers always on when instantaneous circuit polarity 
is such that they can conduct, that both the alternator and the semi conductor 
components are within their current capabilities, or stated another way within 
the temperature capabilities of those components. A problem arises if the 
design of the regulator allows an imbalance in current between the various 
phases of a three-phase alternator or the positive and negative half cycles of a 
single-phase alternator. 

[0004] It has been observed that a full wave rectified single phase alternator 
operating at high RPM can maintain as much, and in some cases even slightly 
more, average current output with one of the polarities disabled. In this 
extreme example, even though the average current to the battery and load 
remains approximately the same the average current through the switching 
device and diode that is still in operation is increased 2 to 1 and the true RMS 
current or effective heating value of the current through the alternator winding 
is also drastically increased. The forgoing results from an effective phase 
shift, resulting in conduction of greater than 180 degrees compared to the 
open circuit voltage waveform of the alternator. Whether a given combination 
of alternator and regulator operates with a reasonable balance between the 
possible conducting paths, i.e. polarity or phases, can be influenced greatly by 
the connected load and the condition or type of battery used. Typically, the 
manufacturer of a vehicle cannot control the load and the battery condition. 
Thus, even if initial testing indicated that components share loads as desired it 
is often found in vehicles at a later time, particularly where batteries may have 
been substituted or the original battery type deteriorated, that a severe 
imbalance in the load occurs between for instance the positive and negative 
half cycle of a full wave rectified single phase, or between the phases of a 
three phase alternator. 
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Summary of th Inv ntion 
[0005] Embodiments of the present invention provide a control circuit or 
method for minimizing or eliminating the above referenced imbalance between 
various current carrying paths, but at the same time minimizing the effective 
pulsation in the current supply to the load and battery. This may be done by 
controlling the operation of the solid state switches not only based on the 
voltage across the load or battery but also based on a pre-determined gating 
time and sequence of the switching elements or silicon control rectifiers in the 
various conducting paths in the regulator rectifier. 

Brief Description of the Drawings 
[0006] Embodiments of the present invention will become more apparent by 
referring to the following detailed description and drawings in which: 
[0007] FIG. 1 is a combination circuit diagram and block diagram of one 
embodiment including a permanent magnet alternator A1 shown as a single 
winding is connected through rectification and switching components SCR1 
SCR2 and 01 and 02 to a load consisting of battery B1 switch S1 and load 
resistor L1 ; 

[0008] FIG. 2 is a graph of average output current obtainable from the 
alternator and SCR-diode bridge in FIG 1, plotted vs. RPM or speed of the 
alternator; 

[0009] FIG. 3 is an alternate embodiment of FIG.1 including a three-phase 
alternator, wherein the alternator is represented as 3 inductive winding, in a 
delta configuration, with an understanding that other connections such as the 
three phases Y or various other numbers of phases may be substituted by one 
skilled in the art within the spirit and teaching of this application, and wherein 
the three-phase application imbalance in current may arise with either 1 or 2 of 
the SCR's always on and the remaining 2 or 1 always off, wherein such may 
be extreme examples realizing that any amount of imbalance can occur short 
of the current through a possible current path actually being zero; and 
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[0010] FIG. 4 illustrates three wave forms that are all synchronized with each 
other, that is with the mechanical rotation of the alternator shaft, which may be 
typical of an alternator and rectification scheme as described with reference to 
FIGS. 1 and 2, wherein the bottom curve represents an open circuit voltage of 
the alternator, the middle curve represents an instantaneous value that is 
plotted as an average for the half wave curve in FIG. 2, and the top curve 
represents an instantaneous value full wave rectified that is plotted as an 
average for the full wave curve of FIG 2, and wherein the data shown in FIGS. 
2 and 4 represent actual values from a production alternator used on a small 
recreational vehicle, and herein provided as examples, but in no way are to be 
construed as restrictive to the scope of the invention. 

Detailed Description of the Preferred Embodinnents 
[0011] The present invention will now be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of 
the invention are shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided so that this disclosure 
will be thorough and complete, and will fully convey the scope of the invention 
to those skilled in the art. Prime notation is used to indicate similar elements 
in alternate embodiments. 

[001 2] With reference to FIGS. 1 and 3, the solid state switching elements 
SCR1 and SCR 2 are shown as controlled by two circuits shown in a block 
diagram form. The first being a voltage sense circuit connected to the load 
and the second being a switch control circuit responsive to the voltage sense 
circuit to generate control or gate signals for the components SCR1 and 
SCR2. The voltage sense circuit derives its input from a voltage input 
connected to the battery positive terminal and a ground connected to the 
battery negative terminal. Internally the voltage between these terminals is 
compared to a reference to determine if a battery voltage is above or below 
the desired level and the output state is changed accordingly. The voltage 
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sense circuit may also contain an over voltage detection circuit which will 
function, in the case of a voltage greatly above the desired level, to shut down 
the output for a selected interval. This would be desirable for instance if a 
battery lead became disconnected. The switch control circuit responds to the 
output of the voltage sense circuit and may have additional inputs, such as a 
frequency input connected to the alternator, and a circuit responsive to the 
temperature of a selected portion of the regulator so as to reduce or disable 
the output under an over temperature condition. In previously known circuitry 
the output of the switch control circuit needed to be only long enough to turn 
on the switching devices such as the SCR shown. For embodiments of the 
present invention, herein described byway of example, this portion of the 
circuit includes means of creating longer output pulses capable of turning on 
the various switching devices or silicon control rectifiers in a desired sequence 
over a desired time. The switch control circuit will have internal timing 
functions to minimize, as will be presently described, any imbalance between 
the currents handled by SCR1 and SCR2. 

[0013] For the single phase system shown in FIG. 1, the time required would 
be equal to. or slightly greater than one half the period of the open circuit wave 
form at RPM1 . In the simplest embodiment of this invention, this time period 
could be fixed regardless of RPM. A first level of refinement would be for this 
pulse duration to be created only at speeds above RPM1 . Further refinement 
would be for the half cycle duration to be automatically applied on a basis 
computed from the speed of the alternator at that particular instant. The level 
of refinement necessary would be determined by available safety factors in 
components and the degree of ripple of fluctuation in the battery voltage that 
was allowable. Gating on the switching devices for longer than necessary will 
in general produce higher ripple voltage at the battery terminals. In the three- 
phase circuit of FIG. 3 the pulse duration being one half of the electrical cycle, 
would be determined by the number of phases and just sufficient to assure 
that the conducting paths of all phases were turned on following the initiation 
by the voltage sense circuit of the turn on of any conducting path. 
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[0014] For the purpose of discussion with reference to FIG. 2, two conditions 
are assumed. The first condition is that gate signals are supplied to both 
SCR1 and SCR 2 whenever the voltage across them is of the polarity where 
they can conduct. This curve is labeled full wave. The second curve assumes 
that a gate signal is always supplied to SCR 1 whenever the polarity across it 
is such that it could conduct and that a gate signal is never supplied to SCR 2. 
The resulting curve is labeled as half wave. The RPM scale on FIG 2 shows 
an engine idle RPM and maximum RPM. These should be understood to be 
the characteristics of an engine mechanically driving the alternator A1 
illustrated with reference again to FIG. 1. 
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